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We, Union Cabbtdb Corporation, 
(formerly known as Union Ca rbide and 
Carbon Ccspoiation), of 30, East 42nd Street* 
New York, State of New York, United States 
of America, a corporation organised nnder the 
laws of the State of New York, United States 
of America, (assignee of Gojedon Morray 
Goodale, Edwabd James MILLS, Jb-, 
Thomas Kobsbx Mtttkb and James Joan 
Fasnacbt), do hereby declare the invention, 
for which we pray that a patent may be granted 
to us, and the method by which it is to be 
r led, to be particularly described in and 



perform© 
by tie ft 



, the following statement:--- 
This invention relates to a method of pre- 
paring dxbeozcate esters of aliphatic diols by 
reacting butyl benzoate with an aliphatic dial 
cooxainmg four to rune carbon atoms and 
having no tertiary hydroxyl groups. A ternary 
hydroxyl group is one which is attached to a 
tertiary carbon aw e 

Among the com poun ds which ma y be pr e- 
parcd in accordance with the present invention 
arc _ the dibenzoare esters of aliphatic dials 
having an oxygen interrupted carbon chain, 
such as di ethylene glycol diberooate, diprcpy- 
kne glycol dibenzoare, and polya&yienegyool 
dibenzoatcs and the cGbenzoate esters of 
straight and branched chain aliphatic diols 
having an uninterrupted carbon cfudSj such as 
2^yl-13-hcxanea1ol; 2-rnethoarjTOethyW>^ 
dhnethyl-ljS^pentancdioij 2^-nexanediol; 3-> 
r«thyl-l^Mnranediol3 2-erhyi-2-bntyirl^- 
piopanediol; 2rmcihyJ-2-propyl-l ^propane- 
diol; 2^-ciemyl-l > 3-propanediol; Z-mcthyl- 
1^-penTart.rrliol; 2^yl-^-rnethyl-l>pentane- 
diol; 2^tfayl-l^i»3itanediol; 2/Wiethyi-l£- 
pcntanediol and 1,5-pentanedioL 

Dibcnzoate esters of aliphatic diols of the 
class described above ace useful as plastkhxrs 
for vinyl resins, ^propylene glycol dibenzoatr 
is particularly valuable as a plasticizerfcr poly- 



vinyl chloride resins. 

Wc have discovered that the dfcenzoate 
esters of aliphatic diols which <xmtain from 4 



to 9 carbon atoms and which containing no 
tertiary hydroxyl group can be prepared by 
reacting one m o lec u l a r proportion of one of 
the above described aliphatic diols with 2.5 
mole cular proportions of butyl benzoate in the SO 
presence of an alkaline catalyst, The reaction 
can be conducted at a temperature of from 
100° C to 250° G, and preferably from 
150° C to 180° C, for a period of from 10 
hours to 30 horns. Although the reaction can 55 
be cond u cted at a pressure of from 0*1 mm. 
Hg to 200 mm. Hg, it is preferably conducted 
at a pressure of from 2 imrL Eg to 100 mm. 
Hg. Suitable catalysts for the rescuon comprise 
alkali metal and alkaline earth metal oxides, 6*0 
hydroxides, alkoxkies, carbonates and borates. 
Preferred catalysts are the alkaline earth, metal 
ffyj<f<*ft. r^lrTTrm oxide is a particularly suitable 
catalyst because of its good catalytic activity, 
low cost and ease of handling. Catalyst con- 65 
centrarions can vary from 0.06 per cent by 
weight to 1.4 per cent by weight but arc pre- 
ferably between 0.1 per cent by weight and L0 
per cent by weight. By operating at a tem- 
perature in the range of from 158° C. to 180° 70 
C with a catalyse concent ration of 0.1 per cent 
by weight, excellent results are obtained, par- 
ticularly in the production of drpropylene 
glycol dxbenzoate. As the reaction proceeds, 
bnomoi is removed by distill atf on, followed by 75 
a rrdd-fractiGn, usually containing bntanol and 
butyl rirnroafc and a third fraction of butyl 
benzoate. The pure dibcnzoate ester of the 
nliphflTir diol rro be ii w lfl Tff'd from the residue 
by distillation or by filtration. 80 
The Mowing nrarnpfes are illustrative:-* 

EXAMPLE I. 
Into a three-neck kettle equipped with a 
thsxmcwtUj a mechanical stirrer and a 25 X250 
mm. column jarfrrri with glass Raschig rings 85 
and surmounted by a standard reflux head with 
the usual condenser and vacuum receiver 
attached, were charged 8015 grams (45.0 rods) 
of termed butyl benzoate and 2414 grams (18.0 
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mols) of dipropyicac glycol. Then 104 grams 
(L0 per cent by weigjit of the fetrir charge) of 
r?kinrfi "rftfc were gflded md the reaction 
imxture was heated and stirred at a. pressure 

5 of 100 mm. Hg. Butanol was removed by dis- 
tSUatapp at this pressure until the fett le tem- 
perature increased to 180—194° C The fccttJe 
temperature was then reduced slighdy, the 
pressure was reduced to 50 mm. and the 

10 remaining butanol was collected as disnDarc 
A roid^racnoo, containing butanol and butyl 
brnzoate was then distilled, followed by a pure 
fraction of butyl benzoate. Occasional reduo- 
tians in pressure were 'required to facilitate 

15 maintenance of the krttlr temperature below 
198° C The confrntt of the reaction fettle 
were cooled, mrrrd with a fil te r aid and filtered 
to remove the catalyst The filtrate was then 
charged to a stripping stSL equipped with, a 

20 goose-neck head and an external nitrogen 
cbuflfltor. The s tripping operation was con* 
ducted at a temperature of 182° G at less than 
1.0 rum* Hg* The kettle residue was then 
t reated with, & dmrfl n^^ 1 xnatezudj filtered, 

25 and recovered. 

A yield of 81.7 per cent of dfpropyk nc 
glycol (Hbcnzoate (based on drpropyiene 
glycol) was obtained, with an efficiency (based 
on butyl benzoate) of 86.4 per cent, The 

30 refined drpropyiene glycol dibenzoate had a 
purity by sapo n i fic ation of 99*8 per cent, an 
aridity (as heroic acid) of 0.02 per cent, a diol 
content of 0-69 per cent and the following 
physical properties*—— 

35 Refractive index at 20° C- - L5288 
Specific gravity (20/20° C) - LI255 
Cokr (based on Pt-Co scale) 35 

Example IL 
Into a three-neck kettle equipped with a 

40 thezmowell, a rnrrharrirnl stirrer and a 25 X 250 
mm* column packed with glass Kaschig rings 
and surmounted by a sta nd a r d refl ux head with 
the usual nortdrrivr and vacuum receiver 
amrirrrij were charged 8015 grams (45j0mols) 

45 of refined bntyl benzoate and 2414 grams (18.0 
mols) of druropykne grycoL Then 104 grams 
(L0 per cent by weight of the kettle charge) 
of calcium oxide were added and the reaction 
mi i Hue was heatrrl and stirred at a pressure 

50 of 100 mm. Hg> Butanol was removed by cos- 
tjUation at this presscrc ^i ^t*^ kettle tern* 
perarnre increased, m 175— 187° C The fettle 
temperature was then r educed slightly, the 
pr e ssu r e was reduced to 80 mm. Hg, and the 

55 remaining butanol was collected as disnTbtr:. 
A mid-fraction, containing butanol and butyl 
benzoare was then distiHrJ , followed by a pure 
fraction of butyl benzoate. Occa s i on al reduc- 



tions in pressure were required to fadfitate 
maintenance of the fettle temperature below 60 
187° C The contents of the reaction fettle 
were cooled, mixed with a filter aid, and 
filtered to remove the catalyst. The filtrate was 
then charged to a stripping still equipped with 
a gooseneck head and an cxtca oal nitrogen 65 
ebuUatnr. The stripping operation was earned 
out at a temperature of 210° C and a pressure 
of IS mm. Hg. The fettle residue was then 
treated with magnesoi, filtered and recovered. 

A yield of 8Z6 per cent of drpropykne 70 
glycol dibenzoate (based on dipropykne glycol) 
was obtained, 'with an efficiency (based on butyl 
benzoate) of 873 per cent lie refined dipro- 
pylene glycol dibenzoate had a purity by 
saponification of 99.9 per cent, aa addity (as 25 
benzoic acid) of 0.06 per cent, a diol content 
of 0.72 per cent and a color (based on Pt-Co 
scale) of 35. 

Example HL 
Into a three-neck fettle equipped with a 80 
thermowdl, a mechanical stirrer and a 25 X250 
ynni T column p ftdffd wrrn g^ a$ y Saschig rmgs 
and surmounted by a standard reflux head with 
the usual condenser and vacuum receiver 
attached, were charged 3565 grams (20.0 mols) 85 
of refined butyl benzoate and 1073 grams (8.0 
mols) of dipropylene glycol Then 23 grams 
(05 per cent by weight of the fettle charge) 
of calcium oxide were added and the reaction 
rraxturc was. heated and stirred at a pressure 90 
of 100 mm. Hg. Butanol was removed by dis- 
tillation at this pressure until the fettle tem- 
perature increased to 175—180° C The fettle 
temperature was then reduced sCgrrdy, the 
ptffssur e was reduced to 50 rum* Hg, and the 95 
remaining butanol was collected as distillate. 
A t m4 *f oicti o ttj cn^ffl butanol And butyl 
benzoate w as the n distiBcd, followed by a pure 
fraction of butyl benzoate* Occasional reduc- 
tions in pressure were required to facilitate 100 
rnarnrfnanre of the feme temperature below 
180° C After most of the excess butyl benzo- 
ate had been collected, the pressure was 
red uced to 03 mm. Hg and the temperature of 
the fettle was raised as rapidly as possible to 105 
around 205—207* C The desired dipropykne 
glycol dibenzoate was then collected as 
distillate. 

A yield of 86.1 per cent of dipropylene 
glyed dfreazoate leased on dipropylene glycol) 110 
was obtained, wrrn an emaency (based on 
butyl benzoate) of 78.8 per cent The refined 
dipropylene glycol dibenzoate had a purity (by 
saponification) of 99S per cent, an acidity (as 
benzoic acid) of 0.05 per cent, a did content of 115 
0.22 per cent and the following physical 
properties;— 



120 



Refractive index at 20° C - - 
Specific gravity (20/20° C.) - - 
Color (based on Gardner scale) 



L5297 
U236 
26 

190-195° C at 0.5 mm. Hg. 
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Example IV. 
Into a three-neck kerde equipped wirh a 
tfaetmoweHj a mechanical stirrer and a 25 X250 

~rn m _ frt^ | niii jB fty ^j ^jtflfrff Rascfalg f iHg iy 

5 and s uncounted by a standard reflux head with 
die usual condenser and vacuum receiver 
attached) were charged 3565 grams (20.0 mols) 
of refined butyl benzoate and 1 073 grams (8.0 
mols) of GJpropyknc glycol. Then 4 grams 

10 (0.1 per cent by weight of the ketrk charge) of 
calcium oxide were added and the reaction 
mixture was heated and stirred at a pressure 
of 100 mm. Hg. Butanol was removed by dis- 
tillation at this pressure until the kettle tern- 

15 per smre increased to 175—180° C. The kettle 
temperature was then reduced slightly, die 
pressure was reduced to 50 mm. H& and the 
remaining butanol was colfocrrd as distillate 
A mid-fraction, containing butanol and butyl 



40 



45 



50 



55 



60 



Refractive index at 20° C - 
Specific gravity (20/20° C) - 
Color (based on Pt-Co scale) « 
I range - 



Example V. 
Into a three-neck kettle equipped with z 
thermoweU,a mechanical stirrer and a 25X250 
max column, packed with, glass Rasdng xmgs 
and y-*** m or rntffd by a standard reflux hffftd with 
the usual rondfnsrr and vacuum receiver 
attached, were charged 1782 grams (40 mols) 
of refined butyl benzoate and 537 grams (10.0 
mols) of drpropyiene giycoL Hies 1-26 grams 
(0.05 per cent by weight of the kettk charge) 
•of calcium oxide were added and the reaction 
mixture was heated and stkred at a pressure of 
100 mm. Hg. Butanol was removed by dis- 
tUIatTOfi at this pressure unrfl the ketde teso 
perarnre mgeasM to 175—180° C The 
kettle tempcramre was then reduced slightly, 
the pressure was reduced to 50 mm, Hgo and 
the remaining butancl* was collected as distil- 
late. A rnid4zaztion, containing butanol and 
butyl benzoate was then .distiBcq; followed by 
a pure fraction cf butyl benzoate; Occ a si on a l 

Retractive index at 20° C ■ 
Specific gravity (20/20° C.) - 
Color (based on Pt-Co scale) - 



benzoate was then, distilled, followed by a pure 20 
fraction of butyl h fl iwwre , Occasional reduc- 
tions in pressure were required to fa c ilitate 
maintenance of the facttle temperature around 
180° C After most of the excess butyl benzo- 
ate had been collnrtrri, the pressure was 25 
reduced to 2J0 mm. Hg, and the temperature 
of the kettle was raised as rapidly as possible 
to around 215—220° C The desired ester was 
then collected as distill ate. 

A yield of 8L2 per cent of cjpropyknc 30 
glycol dibenzoate {based on diutupylene 
glycol) was obtained, with an efficiency (based 
on butyl benzoate) of 902, per cent, The 
refined dfpropylene ajyccl dnVimwrft had a 
purity (by sarxmificauon) of 992 per cent, an 35 
acidity (as benzoic acid) of 0.17 per cent,, a 
dial content of 0.19 per cent and the following 
physical properties;— 

- L5287 

- 0.1224 

- 65 

- 210—216° C at 2 mm. Hg. 

reductions in pressure were required to facui- 
tan? maimenanee of the kettle ternperarnrc 
below 180° C The contents of the reaction 
kettle were cooled to 130" G» ffiiiHt with a 
filter aic\ and filtered to remove the catalyst. 
The filtrate was then charged to a stopping 
stM equipped with a gooseneck head and an • 70 
c fln nat nitrogen ebuUamr. The distillation 
of drpropylene glycol dibnizofiTr was carried 
out at a kettle trarrperature of 212° C and a 
pressure above 1.0*mm« Hg. 

Ayiddof 58.1 per cent of dipropylene gly- 
col dibenzoate (based on dmropyiene glycol) 
was obtained, with an efficiency (based on 
butyl benzoate) of 74.0 per cent. The refined 
dipropylene gjycol dibenzoate hadajarchy (by 
sapemficatton) of 98.5 per cent, an acidity (as 
benzoic acid) of 0.03 per cent, a did content, 
of JL50 per cent and the Mowing physical 



Example VI 
Into a three-neck ketde equipped with s 

30 thgnnowcu^arncrhamral stirrer and a 25x250 
mm. column packed with glass B ayhig rings 
and surmounted by a standard reflux head with 
the usual condenser and vacuum receiver 
artarhfri, were charged 2228 grams (125 

95 mols) of refined butyl benzoate and 531 grams 
(5.0 mols) of Methylene glycol Then 2.76 
grams (0.1 per cent by weig ht of the feme 
charge) of calcium oxide were added and the 
reaction mixture was heated and stirred at a 

100 pressure cf 100 mm. Hg. Butanol was 
removed by distillation at this pressure until 
the ketde temperature increased to 175° C 



65 



75 



80 



- U282 

- 1.1230 

- 35 

- 200-204° C at lmnkEfe. 

The ketde temperature was then reduced 
shgfatiy, the pressure was reduced to 50 mm. 
Hg:, and the remaining butanol was collected 105 
as distillate. A nnd-fractian, containing 
butanol and butyl benzoate was then distilled, 
followed by a pure f raction cf butyl benzoate. 
Occasional reductions in pressure were 
required to facilitate maintenance of the kettle 110 
temperature below 180° C The contents of 
the reaction ketde were cooled to 130° C, 
mixed wirh a niter aid and filtered to remove 
the catalyst. The filtrate was then charged 
to a stripping still equipped with a gooseneck 115 
h^*f an d an exter nal n^tr^f y** - ebuUHtor. The 
distillation of diethylene glycol cUbenzoaxc wag 
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carried oat at a irmprnnrre of 210—220° C 
tmA 3 pvcMmic above LO Hg. 

A ySdof 73.7 per cent cf diethyicne glycol 
dibnrjrcne (based on dicthykne glycol). was 
5 obtained, with an efficiency (based oa butyl 
benzoate) of 763. per cent The refined 

Retractive index at 20° C - 
Specific graviry (20/20° C) - 
Color (based on Pt-Co acak) - 
15 Bofling range - - - - 

Example VH 
Into a three-oeck kettle equipped with a 
tnenjKJweB, a rncchankal stirrer and a 25x250 
mm, column packed with glass Kascm'g rings 

20 aiid surmounted by a standard reflex head with 
the usual condenser and vacuum receiver 
attached, were charged 2230 grams (1Z5 mols) 
of refined butyl benzoate and 731 grams (5.0 
mols) of 2-erbyM,3-hexanedioL Then. 33 

25 grams (LO per cent by weight of the kerne 
charge) of calcium oxide were added and the 
reaction mixture was heated and stirred at a 
pressure of 100 mm. Hj. Bntanol was 
removed by distillation at this pressure until 

30 the kettle ternperarure increased to 198° C 
The kettle temperature was then reduced 
slightly, the pressure was reduced to 50 mm. 
Hg- and the remaining butanol was collected 
as diBtfltoe, A irad-frarrion, coruainmg 

39 butanol and butyl benzoate was men distilled, 
followed by a proe fraction of butyl benzoate. 
Occa sional tft d Ti^ fi***^ m prf smiy were 
rcQjBccd to fftcilT^tff Dm n of tee 
tegrperatnre around 200° C After most of 

40 the excess butyl benzoate had! been coDecrffd a 
stripping operation was carried out for ten 
TTimrtt^ at a trmperafure of 220* C and a 
pressure of 1*5 inm. Hg. The kettle residue 
was then filtered and recovered* 

45 A yield of 8&4 per cent of 2ethyW,3- 
hexancdiol dibemnme (based on 2-ethyl-l^- 
hexaoerhol) was obtained, with an- efficiency 
(based on butyl benzoate) of 840 per cent The 
refined 2-ethyi-l^tocancdioi dibenzoate had 

50 a purity (by sapo n i fi cation^ of 99.4 per cent, 
an acidity (as benzoic acid) of 0.14 per cent, 
a did content of 02 per cent and the follow* 
ing physical properties:— 
Specific graviry (20/20* C) - L0801 

55 Color (based on Gardner scale) - 5 

Example YU 
Into a three-neck kettle equipped with a 
therrrwwefl, a mechanical strrrcr and a 25 x250 
nun. column packed with gjass Raschig rings 

60 and suxmormred by a standard reflux bead whh 
the usual condenser and vacuum receiver 
attached* were charged 2230 grams (12.5 mols) 
of refined butyl benzoate and 731 grams (5.0 
mols) of 2-cthyi-l^-hcxancdiol Then 30 

65 grams (L0 per cent by weight of the kettle 
charge) of calcium oxide were added and the 
reaction mixture was heated and stirred at a 



diethyicne glycol dibenzoate had a purity (by 
saponification) of 985 per cent, an acidity (as 
benzoic acid) of OSfJ per cent, a dial content of 
L0 per cent and the following physical pro- 10 
perties:— 

- 1.5438 

- 1.1746 

- 80 

- 200—214° C. at 1 mm, Hg. 

pressure of 100 rum. Bg. Butanol was removed 
by distillation at this pressure until the kettle 
temperature increased to 196° C The kettle 70 
tempera Hire was then reduced slightly* the 
p r c ss m c was reduced to 50 mux Hg., and the 
remaining butanol was collected as distillate. 
A mid-fraction, containing butanol and butyl 
benzoate was then distilled, followed by a pure 75 
fraction of butyl benzoate. Occasional reduc- 
tions in pressure were required to facilitate 
maintenance of the kettle tetmxxaturc below 
200° Cl The contents of the reaction kettle 
were cooled to around 130° C mixed with a 80 
filter aid and filtered to remove the catalyst 
The filtrate was then charged to a stripping 
still equipped with a gooseneck head and an 
external nitrogen cbuHator. The stripping 
operation was carried out at 192° C and 1 85 
mm. Hg. The kettle residue wis then filocxed 
and recovered. 

A yield of 75.0 per cent of 2erhyH£- 
bexanediol dibenzoate (based on 2~erhyl-l > 3- 
hexanediol) was obtained, with an efficiency 90 
(based on butyl benzoate) of 77.5 per cent The 
termed 2-eth^l*3-hexanediol dibenzoate had 
a purity (by sarxntmcarian) of 99.0 per cent, 
an acidity (as benzoic add) of 0.18 per cent* a 
diol content of 0.52 per cent and the following 95 
pnysical upo pe rf ies » ™^ 
Attractive into at 20° a - - L5317 
Specific gravity (20/20°- C) - - L0814 
Color (based on Gardner scale) - 4 

Example IX 100 
Into a tnree-ncck kettle equipped with a 
therrnnwefl, a rnechanical stirrer and a 25x250 
mm. cdnrnn packed with glass Raschig rings 
and surmounted by a standard reflux head with 
the usual condenser and y-w*inpi receiver 105 
attached, were charged 1068 grams (5.99 mols) 
of refined butyl benzoate and 441 grams (25 
mols) of 2naiethoxymemyi-2^4-dnnethyi-l 3 5- 
pentanedioL Then 15 grams (1.0 per cent by 
weight of the kettle charge) of calcium oxide 110 
were added and the reaction miiturc was 
heated and stirred at a pressure of 100 mm. Hg. 
Butanol was removed by distillation at thrs 
pressure until the kettle temperature increased 
to 175— 180° C The kettle temperature was 115 
then reduced slightly, the pressure was reduced 
to 50 mm. Hg., and the remaining bn t ano l was 
collected as distillate. A indirection, con- 
taining butanol and butyl benzoate was then 
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5 



distilled} followed by a pure fraction, of butyl 
bcazoatc Occasional reductions in pressure 
•were required to facilitate irff fntynpni^* q£ the 
kettle tenrperarnre below 180° C The con- 

5 tentsof the reaction farrle were cooled to 130* 
C, inixod with a alter aid and filtered to 
remove the catalyst. The filtrate was then 
char ged to a stripping still equipped with a 
(gooseneck head and an external nitrogen ebul- 

10 lator. Distillation of 2rmedioxymethyl-2^- 
diniethylrl > 5-p ent a nedi ol dibenzoate was car- 
ried oat ax a oemperatnre of 232° C and a 
pressure of 15 m Hg. 

25 Refractive index at 20° C - 

Specific gravity (20/20° C) - 
Color (based on PtO scale) - 
]Hftj| fp£^ point ■•••»«• 

Example X 

30 Im» a three-neck Jostle equipped wim a 
thmnowell,asaediaxucal stirrer and a 25 x250 
TT Pti f . column pa cferri with glass- i?agf4i<g rin gy - 
and surmounted by a standard fgfl»y head with 
the usual condenser and vacuum receiver 

35 attached, were charged 446 grams (2*5 mols) of 
refined butyl benzoate and 160 grama (ID 
mols) of 2^kdkthyj-l J 5^prntan tdiol . Then 5 
grams of calcium oxide were added and the 
reaction mixture was heated and stirred at a 

40 pressure of 100 am Hg. Bntanol was 
removed by distillation at this pressure mini 
the kettle temperature increased to 175 — 189° 
C* The kettle tnnpeialurc was then reduced 
slightly, die pressure was reduced to 50 mm. 

45 Eg* and the remaining bntanol was cnllecflrd 
as distillate. A nuVl-traction, rrwitafmng bnt- 
anol and butyl benzoate was then distilled, fol- 
lowed by a pure fraction c£ butyl benzoate. 

Refractive index at 20° C « 
70 Sperifie gravity 00/20* G) - 

Color (based on PtO scak) - 
Boiling point - - - - 

Bonn S XI 
Into a three-neck kettle equipped with a 

75 thennowefl, a mechanical stirrer aid a 25x250 
nun* <y>^iimn packed with glass Raschig rings 
and surmounted by a standard reflux head with 
the usual condenser and vacuum receiver 
a ttache d^ were charged 8015 grams (45 mols) 

80 of refined butyl benzoate and 2125 grams (18 
mols) of 3-methyi-l^-^taneojoL Then 101 
gram3 (L0 per cent by weight of me kettle 
charge) of calcium oxide were added and the 
reaction mixture was hratrri and stirred at a 

85 pressure of 100 mm. Hg. Butanal was 
removed by distillation at mis pressure until 
the kettle tcrnperamre increased to 190—200° 
C. The kettle tenmerarnre was then reduced 
slightly, the pressure was re du ced to 50 mm. 

90 Hg., and the remaining outanol was collected 
as distillate. A mid-fraction, ^taming bnt- 
anol and butyl benzoate was then distilled, fol- 
lowed by a pure Atactica of butyl benzoate* 



A yield of 83.1 per cent cf 2<nedwxymethyl- 
2,4^huemyi-I^r«ntanediol dihfflzoattt (based 15 
on 2-memojymethyi-2 i 4-dn^ 
tanedkO was obtained* with an efficiency 
(based on butyl benzoate) of 79.0 per cent The 
refined 2 - rpgmo(iy mefh^ ~2j4 ^nie tfa^"l^- 
pentsnediol atbenzoatc had a purity (by 20 
saponification) of 99.8 per cent an aridity (as 
benzok add) of (114 per cent, essentially no 
diol content and the following physical pro- 



- 15310 

- L1003 

- 25 

- 225° C at US mm. Hg. 

Occasional reductions ^ in pressure were 
required to ntcOmue T^yirnrmsmc^ of the fr y tt fe 50 
nfmprramn c below 180° C The contentv of 
the reaction, kettle were coaled to 130° G» 
mixed with a filter aid and filtered to remove 
the catalyst. The fil**? *^ was then «3imy^ 
to & s tupping sttfl egmpped with a gooseneck 55 
jwflfl yna an #arwnfli nfir oge a eb nuapar; Dis- 
tillation of 2^4-dlcmyl-l^-pertoediol diben- 
zoate was carried out at a temperature of 254* 
C and a pressure cf 4X3 mm, Hg. 

A yield of 36\9 per cent of 2^djcthyM£- 60 
p entHTiedtol dibenzoate (based on 2/l-diethyl- 
l^pentanediol) was obtained, with an effici- 
ency (based on butyl benzoate) of 44.8 per 
cent. The refined 2Adiethyi-l,5-pentatLc- 

<ttnl /tflv>ti7ire»t» "hud a pnfffy (hy on prmtfL-a^fan } fij 

of 99.6 per cent, an acidity (as benzoic acid) of 
0.62 per cent, a diol consent of 0,04 per cent 
and die following physical properties:^ 

- L5322 

- 1.0775 

- 30 

- 205° C at 1 mux Hg. 

Occasional reductions in pressure were 
required to faeffitare maintenance of the heme 95 
temperature below 190° C The contents cf 
the reaction kettle were cooled, mixed with a 
filter aid and filtered to remove die catalyst. 
The filtrate was then charged t» a atrippingstfll" 
eqiirpped with a poaeneck head and an exter- 100 
rial nitrogen ebanamr. The stripping opera- 
tion was carried out at a kerne temperature of 
180— 189° C and a pressure of 2 to 4 mnx^, 
The kettle residue was then fi lt ere d and 
recovered. 105 

A yield of 853 per cent of 3-medryi-l^- 
pentanedinl dibenzoate (based an 3-methyi-l^ 
pentanedioDwas obtained, with an efficiency 
(based on butyl benzoate) of 86L6 per cent. 
The refined 3-methyl-l^pentancdiol dlhenzo- 110 
ate had a purity (by saponification) of 1002 
per cent, an acidity (as benzoic add) of O.0D 
per cent, essentially so did content and the 
following physical properties;— 



6 



Refractive index at 20° C . 
^gravity (20/20° G)« 
r (based on Pt<b scale)- 
grange - - - ■ 
: point - - - 



100 



1.5378 
1.1103 
70 

186—192° Cat 1 mm. Hg. 
-33.4* C 



Example XH 
Into a three-neck tattle equipped with a 
thermoweU, a mechanical stirrer and a 25 X2S0 
nun, column pac k ed with stainless steel pro* 

10 traded packing and surmounted by a standard 
reflux bead with, the usual condenser and 
vacuum receiver attached, were charged 1338 
grams (7*5 mols) of refined botvl beczoate and 
480 grams (3X> mols) of 2^cmyl-2-tmtyi-L3- 

15 propanetHoL Tben 1&2 grams (L0 per cent 
by weight of the kettle charge) of ^Vttto 
oxide were a dd ed and the reaction mixture 
was heated and stirced at a pressure of 90 mm. 
Eg. Butanol was removed by distillation at 

20 rids pressure until the kettle temperature 
increased to 140° C Tne kettle temperature 
was then reduced slightly, the pressure was 
reduced to 75 mm. Hg^ .and the remaining 
butanol was collected as distillate. A rmnV 

25 frarnon, containing butanol and butyl benzo- 
ate was then distilled, followed by a pure trac- 
tion of butyl benzoate. Occaskmal reduc- 

Retractive index at 20° C - 
50 Specific gravity (20/20° C.) • 

Color (based on Pt-Co scale) - 
Boiling range - - - - 

Example xm 
Into a three-neck kettle equipped with, a 

55 tfaermowell, a mechamcal stiirer a^ 

mm. column packed with stainless steel pro- 
truded packing and surmounted by a standard 
re flux bead with the usual condenser and 
vacuum receiver attaenftr^ were charged 200 

60 grams (1-5 mols) of 2^nethyi-2-prcpyi-13-pro- 
psnediol'and 670 grams (3-75 mols} of refined 
butyl benzoate. Then 9 grams of calcium 
oxide (L0 per cent by weight of the kettle 
charge) were added and the reaction mixture 

65 was heated and stirred at a pressure of 100 
mm. Hg. Butanol was removed by cKstQIa-* 
tian at this pressure until the kettle tempera- 
ture rose to 156° C The kettle temperature 
was reduced slightly, die pressure was reduced 

70 to SO mm. Hgy and theierrainrng butanol was 
raltccted as distillate. A mid-fraction, can- 
taming butanol and butyl benzoate was then 

Retractive index at 20° C - 
Specific gravity (20/20° C) - 
95 Color (based on PfrO> scale) - 

Boiling range - - - - 
Freezing pome - - - 



1.5367 
1.1003 
20 

214° G at 2 mm. Hg. 
-16° C 



EXAHKLK XIV 

In a three-necX kettle equipped with a 
thermoweU, a mechanical stirrer and a 25 X250 
mux column packe d with stainless steel pro* 
jj ^ided saddles^ a nd fl u^ yummtwrf by a standard 
reflux head with the usual c on de ns er and 



vacuum receiver attached, were charged 670 
grams 0.75 mols) of refined butyl benzoate and 
200 grams (1.5 mols) of 2^-cuetliyl-13-pro- 

paUfdfol Then 9 grams of enternm crrjdt 

(L0 per cent by wdg^c of the kettle charge) 
were added and the reaction mixture was 



40 



45 



tious in pressure were required to facilitate 
maintenance of the kettle temperature below 
160° C The contents of the reaction kettle 30 
were cooled, mixed with a filter aid and fil- 
tered to remove the catalyst. The filtrate was 
then charged to a stripping suH equipped with, 
a goosen ec k head and an external nitrogen 
cbuilator. Distillation of 2-etbyM-butyi- 35 
1,3 -propanediol dibe n zoate was carried out at 
a taupcratnre of 237—267° C and a pressure 
of 1*3 nun. 

A yield of 64.7 per cent of 2<thyl-2*utyl- 
1,3-ptopanediol dibenzoate (based on Zethyl- 
2-bu^-13-propanedioI) was obtained, with, an 
efficiency (based on butyl benzoate) of 87*4 
per cen t. The refined 2rernyl^butylrl > 3- 
propa nedio l dibenzo ate had a purity (by saponi- 
fication) of 100.8 per cent, an aridity (as ben- 
zoic add) of 0.02 per cent, died enntent of 039 
per cent and the following physical pro- 
perties.-— 

- L5327 

- 1.0778 

- 20 

- 236° C at LS mm. Hg. 

distilled, followed by a pure fraction of butyl 
benzoate. Occasional reductions in pressure 
were required to facilitate maintenance of the 75 
kettle temperature below 170° C The con- 
tents of the reaction kettle were cooled, mixed 
with a filter aid and filtered mmriave the <sta- 
lysc The filrrare was then charged to a strip- 
ping still equipped with a gooseneck head and 80 
an external nitrogen ebnllamr, Distillation of 
the ester was carried out at a kerne tempera- 
ture of 249—252° C and a pressure of Z0 
mm, Hg. 

A yield of 483 per cent of 2^etfayi-2-pro- 85 
pyi-l^prcpanedkl dibenzoate (based on 2r 
methyl - 2 - propyl - 1,3 - propanediol) was 
chained. The refined 2-methyi-2-propyl--13^ 
propanediol dibenzoate had a purity of 101.8 
(by saponification^ essentially no acidity and 90 
diol content and the foDcwimj physical proper- 
ties: — 



105 



815,991 



7 



35 



heated and stirred at a pressure of 100 m 
Hg. Butanol was removed by distillation at 
this pressure until die kettle temperature 
increased to 165° G The ketrie temperatore 

5 was then reduced slightly, the pressure was 
reduced to 50 mm. Hg* and the remaining 
butanol was coflected as distillate,, A mid- 
fracdoa containing butanol and butyl benzo- 
ate was then distilled, followed by a puxclxac- 

10 tion of buryl berrzoatc. Occasional redne- 
tions hi pressure were required to facilitate 
maintenance of the kettle temperature bdow 
184° C The contents of the reaction ketrie 
were cooled, rnrrrd with a filter aid and filtered 

15 to remove the catalyst. The filtrate was then 

30 Retractive index at 20° C - 

Specific gravity (20/20° G.) - 
Color (based on Pt-Co scale) - 
Boumg range - - - 
Freezing point - - - - 
Example XV 
Into a three-neck kettle equipped with a 
thermoweli, a. mechanical stirrer and a 25 X250 
rrrm column packed with giass Raschig rings 
and surmounted by a standard reflux head with 
40 the usual condenser and vacuum receiver 
attached, were charged 802 grams (4.5 mols) 
of refined butyl benzoate and 236 grams (2.0 
mols) of 2-methyl-l^rKntanedinL Hen 10 
grams of calcium oxide (LO per cent by weight 
45 of die kettle charge) were added and the reac- 
tion rrnxrnre was heated and stared at a pres- 
sure of 100 mm. Hg> Butanol was removed 
by disuHarion at this pressure until the kettle 
temperature increased to 171° C The kettle 
50 temperature was reduced slightly, the pressure 
was seduced to 50 mm. Hg., and the remain- 
ing? butanol was coflected as distillate, A 
mid-fraction, containing butanol and butyl 
benzoate was then distilled, followed by a pure 
75 Refractive index at 20° C - 

Specific gravity (20/20° G) - 
lo- 



cator (based on PfcCo scale) 



80 Exampie XYT 

Into a three-neck kettle equipped with a 
trjcrraoweB, a rnechanical stirrer and a 25x250 
mrn, column packed with stainless steel pro- 
truded packing gn d surmo unT ed by a standard 

85 reflux head with, the usual condenser and 
vacuum rece iv er arnrchfirfj were charged 850 
grams (4.77 mols) of refined butyl benzoate 
and 264- grams (2j0 mols) of 2-emyJ-l,5-pen- 
tanediol. Then 11 grams of calcium oxide 

90 (L0 per cent by weight of the ketrie charge) 
were added and the reaction anxture was 
heated and stirred at a pressure of 100 mrn. 
Hg. Butanol was removed by distTHation at 
this pressure unci die kettle temperature 

95 increased to 154° C The kettle temperature 
was then xednced slightly, the pressure was 
reduced to 50 mux, Hg,, and the remaining 



charged to a stripping still equipped with a 
gooseneck head and an external nitrogen ebul- 
lator. Distillation of the ester was carded 
out at a kettle trmpenrmre of 200° C and a 
pressure of 2D Trim. Hg. 20 

A yield of 423 per cent of 2£*hethyl-l,3- 
rropancdiol d&crrzoatg (based on 2j2^ikthyl- 
1,3-propflndiol) was obtained, with an effici- 
ency, (based on butyl benzoate) of 5L1 per 
cent The refined 2^-dicmyi-l^piOTanedial 25 
dibenzoate had a parity of 101.2 per cent (by 
saponification), essentially no aadrry, a dial 
content of 0.34 per cent, and the following 
physical propemcs; — 



- L5402 

- U097 

- 18 

- 211—214° 

- -5° C 



CL at 2 mm, Hg. 



fraction of butyl benzoate. Occasional reduc- 
tions in pressure were required to facilitate 
maintenance of the kctfle temperature below 
195° C The contents of the reactor kettle 
were coded, mired with a filter aid and filtered 
to remove the catalyst The filtrate was then 
charged to a snipping stfll equipped with a 
gooseneck head and an external nitrogen cbul* 
latnr. Dbrigattoa of the ester was carried 
out at a kettle temperature of 200 to 210° C 
at 2X) mrrk 5g. 

A yield of 883 per cent of Z<ncthj4-1,5- 
pentanediol dibenzoate (based on 2rincthyl-lj5» 
pentanediol) was obtained, with an efficiency of 
88.8 (based on butyl benzoate). Tie termed 
2-methyl-l,5Hpejitarad&a dibenzoate had a 
purity of 99.8 per cent (by saponification) an 
acidity (as benzoic add) of 0112, essentially no 
did content and the following physical pro- 
perties:— 
• 1-5379 

- U045 

-18 •' 

- 203—204° CL at 2 rnm. Hg. 

- -3.8° C 

butanol was collected as distillate. Amid. 
fa cti o n, conrammg butanol and butyl benzo- 
ate was then olstuiedj followed by a pure trac- 
tion of butyl benzoate, Occasional reduc- 
tions in pi c ssuic were required to fc-flfr-tf 
Tnafritertfmoe of the kettle temperauire Mow 
187° C The contents of the reaction fcettfe 
were cooled, mixed with a niter aid and filtered 
to remove the catalyst- The nitrate was then 
charged to a stripping still emripped with a 
gooseneck head and an external rutrogea cbul- 
Jator. Distillation of the ester was carried 
out at a ketrie tempctature of 218—221° C 
and a pressure of L5 mm. Ttg, 

A yield of 89.8 per cent of 2-erhyi-l>pcn- 
tanedjol dibenzoate (based on 2~ethyl-l > 5-pcn- 
tariedifll) was obtained with an efficiency (based 
on butyl benzoate) of 91.4 per cent The 



55 



60 



65 



70 



100 



105 



110 



115 



815,991 



refined 2p*fhyUl j^-y i rftHV*Knf /! farrenate bad 

a punty (by gponifirafkm) of 995 per cent, 
an acidity (as benzoic add) of 0.13 per cent, 
Refractive index at 20° C - 
Specific gravity (20/20° C) - 
Color (based on Ft-Q> scale) - 
Boiling range - - - 
10 FreezhVpc^- - - - 

Example XVH 
Into a three-neck kettle equipped with a 
thermowell, a mechanical stiner anda 25 X250 
mm . column packed with gjass Raschig rings 
IS and surmounted by a standard reflux head with 
the nsuaL condenser and vacuum receiver 
arm shed, were charged 620 grams (3.48 mols) 
of refined butyl benzoate and 200 grams (131 
mols) of 2-ctbyi-3 -mctfryi-l^entancdloL 
20 Then 8 grams (L0 per cent by weight of the 
fettle charge) of lime (technical grade calcmm 
oxide) were added and the reaction, inhtture 
was heated to 110° C and stirred at a pressure 
of 100 mm Hg. Butaacd was removed by 
25 distiliaaou at tils pressure until the kettle tem- 
perature increased to 190° G The kettle 
temperature was men reduced slightly, the 
pressure was uilitrcd, and die remaining bm- 
ancl was collected as distillate. A nnd-frgction, 
30 containing butanol and butyl benzoate was 
followed by a pure fraction off 
Refractive index at 20° C 



55 



Specific gravity (20/20° CJ - 



Color (based an Pt-G> scakj 
Boiling range — » — 
RftfTing point - " - - 
WHAT WH CLAIM. IS: — 

1. Process lor preparing dxbeuzoate esters 
60 of aliphatic dioJs which comprises reacting 

butyl benzoate with an aliphatic dial contam- 
ing 4 to 9 carbon atoms and having no tertiary 
hydroxy! groups as hereinbefore defined* 

2. Process as claimed in Claim 1 in winch 
63 one molecular proportion of the aliphatic dial 

is reacted with 2L5 molecular proportions- of 
butyl benzoate. 

3. A process as claimed in Qaim 1 or 2 in 
which the reaction is effected in the presence 

70 of an a ^ai*™* catalyst. 

4. Process as claimed in Claim 3 in which 
the alkaline catalyst is an alkaK metal or alka- 
line earth, metal oxide, hydroxide, alkoside, car- 
bonate or borate. 

75 5. Process as claimed in Claim 4 in which 
the alkaline earth metal oxide is caldum oxide, 
6l Process as claimed in Qaim 3, 4 or 5 
in which the catalyst concentration is between 
ai% and L0% by wei^t 

60 7. Process as claimed in any of Claims 1 to 

6 in which the reaction is effected at a tem- 
perature of from 150° Q to 180° C 

8. Process as claimed in any of Claims 1 to 

7 in winch the reaction is effected at a pressure 



and a did contmt of 0.69 per cent, and the 
following physical properties; — 5 



1.5356 
1.0945 
20 

215—218° 
-35° C. 



C. at 1.5 mm. Hg. 



butyl benzoate. Occasional reductions in 
pressure was required to facilitate mainten- 
ance of the ketde tmperatare below 212° G 
The contents of the reaction kettle were cccled, 35 
mixed with a filter aid and filtered to remove 
the catalyst. The filtrate was then charged 
to a stripping still equipped with a gooseneck 
head and an rgirrnal nitrogen ebullator. Dis- 
tillation of the ester was carried out at a kettle 40 
temperature of 217—222° C and a pressure 
of 2.0 mm Hg. 

A yield of 86J0 per cent of 2-ethyi-3-methyl- 
1,5-pentanediol dibenzoate (based on 2^ethyl- 
3-nKthyl-l^pcritanediol) was obtained, wim 45 
an efficiency (based on bntyi benzoate) of 79.7 
per cent. The refined 2-cthyir3-mem^-l^- 
prnirmrfiinl dibenzoate had a purity of 98.7 per 
cent (by saponification), an acidity (as benzoic 
add) of 0.12 per cent, a dioi content of 0.41 50 
per cent and the following physical proper- 
ties: — 

- L5362 

- 10)945 
• 1$ 

- 210—218° C at 2 mm Hg. 

- -17.2 0 C. 

of from 2 mm. of mercury to 100 ™m of mcr- 85 
cury. 

9. Pr oc ess as claimed in any of Claims 1 to 8 
in which the aliphatic dial is dipropylene 
j^ycoL 

10. The dabenzcate ester of 2-ethyl-l^ 90 
hexane dioL 

11. The dibenzoate ester of 2-memyl-1^5- 
pentanediol 

12. The dibenzoate ester of 2-ethyJr-l,5- 
pcutanedkd. 95 

13. The dihfnznarr ester of 2-ethyi-3- 
methyM,5-pentanedioL 

14* The dibenzoate ester of 2/Wkthyl-l,5- 

15. The cUTbenzoate ester of 2-ethyi-2-butyI- 100 



16. %he dibenzoate ester of 2-methyI-2- 
propyi-l^-propanedioL 

17. Process for preparing dth^wmn* esters 

of aliphatic diols substantially as herein des- 105 
cribea with reference to and as illustrated in 
die foregoing examples. 

W. P. THOMPSON & CO., 
12, Church Street, Iivexpool, 1, 
Chartered Patent Agents. 
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